The results from studies of loud noise exposure and acoustic neuroma are conflicting. A population-based casecontrol study of 451 acoustic neuroma patients and 710 age-, sex-, and region-matched controls was conducted in Sweden between 2002 and 2007. Occupational exposure was based on historical measurements of occupational noise (321 job titles summarized by a job exposure matrix) and compared with self-reported occupational noise exposure. We also evaluated self-reported noise exposure during leisure activity. Conditional logistic regression was used to estimate odds ratios. There was no statistically significant association between acoustic neuroma and persistent occupational noise exposure, either with or without hearing protection. Exposure to loud noise from leisure activity without hearing protection was more common among acoustic neuroma cases (odds ratio = 1.47, 95% confidence interval: 1.06, 2.03). Statistically significant odds ratios were found for specific leisure activities including attending concerts/clubs/sporting events (odds ratio = 1.82, 95% confidence interval: 1.09, 3.04) and participating in workouts accompanied by loud music (odds ratio = 2.84, 95% confidence interval: 1.37, 5.89). Our findings do not support an association between occupational exposure to loud noise and acoustic neuroma. Although we report statistically significant associations between leisure-time exposures to loud noise without hearing protection and acoustic neuroma, especially among women, we cannot rule out recall bias as an alternative explanation. acoustic neuroma; noise; occupation; vestibular schwannoma Abbreviations: CI, confidence interval; JEM, job exposure matrix; OR, odds ratio.
Acoustic neuroma (also referred to as vestibular schwannoma) is a benign, usually nonlethal tumor arising from Schwann cells in the vestibulocochlear nerve. This rare tumor accounts for approximately 6% of intracranial tumors, with an incidence rate of 11-13 cases per million per year (1) (2) (3) .
Acoustic neuroma presents either bilaterally in its hereditary form or unilaterally as a sporadic disease. Bilateral acoustic neuroma is a primary manifestation of neurofibromatosis type 2, a highly penetrant autosomal dominant disorder (3) . The etiology of the more common sporadic unilateral form is unknown, although there is evidence of associations with ionizing radiation (1, (4) (5) (6) (7) and occupational exposures, such as mercury (8) . Mobile phone use has also been investigated, but findings are inconclusive (9, 10) .
The 3 previous studies that examined exposure to leisuretime loud noise to determine whether it is associated with acoustic neuroma were substudies within the INTERPHONE Study and, therefore, used identical questions to ascertain exposure, but their results were conflicting (4, 11, 12) . Five previous studies evaluated occupational noise exposure (4, (11) (12) (13) (14) for evidence of association with acoustic neuroma. Three of these studies were substudies within the INTER-PHONE Study and were based on self-reported exposure to loud noise (4, 11, 12 ). An earlier study had examined selfreported occupations linked to a job exposure matrix (JEM) (14) , and a fifth study evaluated census information on occupations linked to a JEM (13) .
The purpose of the present study was to evaluate potential associations between acoustic neuroma and occupational exposure to loud noise, using both self-reported and JEM data. We also examined self-reported leisure-time exposure to loud noise. METHODS We conducted a population-based, nationwide, case-control study of acoustic neuroma in Sweden between September 1, 2002, and August 31, 2007 . An extended description of case and control ascertainment can be found elsewhere (15) , and a brief description of our study is given below.
Case ascertainment
Patients were identified through collaboration with Swedish treating clinics. Patients were included if they had been diagnosed with either histologically confirmed or imagingconfirmed acoustic neuroma and were assigned the International Classification of Diseases, Tenth Revision, code C72.4 or the International Classification of Diseases for Oncology, Second Edition, code 9560.0. We excluded patients younger than 20 years, older than 69 years, and those diagnosed with neurofibromatosis or tuberous sclerosis. In addition, we used 6 population-based regional cancer registries, each reporting to the Swedish National Cancer Registry, to identify patients, as well as local acoustic neuroma registries at the otorhinolaryngology clinics in the Uppsala and Linkoping regions of Sweden. The first medical examination, which was usually the first radiological examination resulting in an acoustic neuroma diagnosis, was used as the date of diagnosis.
Controls
We randomly selected 2 controls per case from the Swedish nationwide population registry matched on age within 5-year categories, sex, and place of residence (we classified 6 geographical regions corresponding to regional cancer registry locations). Controls were assigned reference dates that corresponded to the dates of diagnosis of the cases to which they were matched.
Data collection
Data collection began in October 2007. This study was approved by the ethical review board at Karolinska Institutet (Stockholm, Sweden), and data were collected with the written informed consent of the participants. Permission to contact patients was obtained from treating physicians or from heads of patient clinics. Participants were first sent an invitation letter with information about the study, and then participants were mailed a questionnaire regarding their environmental noise exposures and lifestyles. Nonrespondents were mailed 2 reminders at 2-week intervals and were telephoned after an additional 2 weeks. Study participants with incomplete questionnaires were contacted by telephone for missing details.
Job exposure matrix
The JEM used in this study consisted of 321 Swedish jobs and their associated noise levels based on measurements collected during the period 1970-2004. The exposure estimate for each 5-year period was based on all available measurements for that period. The estimated decibel level for each occupation during each of the 5-year time periods was coded as less than 75 dB, 75-84 dB, or 85 dB or higher on the basis of consensus of 3 occupational hygienists (16) .
Assessment of self-reported exposure to loud noise
Study participants were asked if they had been exposed to occupational or regular leisure-time loud noise, defined as a noise level at which a conversation must be held with raised voices. If so, participants were asked to specify the jobs or leisure activities and the years associated with the exposures.
A complete job history was collected for all jobs held for more than 1 year. Information about hearing protection was collected as "never or rarely," "less than half the time," "about half the time," "more than half of the time," and "always or almost always" for each job and leisure-time activity. Occupational hearing protection use was classified as "with protection" for use at least 50% of the time for all noisy jobs and "without protection" for use less than 50% of the time for at least 1 relevant job. JEM-determined noise was evaluated for ever exposure and for different durations of cumulative exposure to 75 dB or more with protection, 75-84 dB without protection, or 85 dB or more without protection. Participants ever working but never exposed to occupational noise over 74 dB before the 5-year induction period were defined as unexposed.
Leisure-time noise was evaluated as exposed "with protection" (used at least 50% of the time in all loud leisure activities), "without protection" (used less than 50% of the time in all activities), or "mixed use of protection" (used at least 50% of the time in at least 1, but not all, activities). The cumulative number of exposures was estimated on the basis of participants' reports of frequency in the categories "rarely," "a few times per year," "1-3 times per month," and "at least once a week." Participants who reported no exposure or that they were "rarely exposed" (2 times per year or less) before the 5-year latency period were defined as unexposed.
Statistical analyses
Conditional logistic regression was used to estimate odds ratios and 95% confidence intervals. We conditioned on matched sets (matched on sex, age in 5-year categories, and region) and further adjusted our models for tobacco smoking and educational attainment. We further evaluated possible confounding by including age, marital status, and radiotherapy treatment to the head and neck region in regression models, but we found no evidence of bias. As part of standard protocol, we conducted analyses stratified by sex and histological confirmation of the tumor. We used SAS, version 9.3, software (SAS Institute, Inc., Cary, North Carolina) for all analyses.
RESULTS
A total of 451 (83%) of the 542 eligible cases and 710 (65%) of the 1,095 controls agreed to participate in the study. Table 1 shows basic characteristics of eligible and participating acoustic neuroma cases and controls. Note that Tables 2-6 show results pertaining only to cases and controls included in complete matched sets (at least 1 case and 1 control) who were eligible to be included in analyses (i.e., those with no missing information who had worked before the 5-year latency period). Participating cases and controls had similar age and sex distributions to those eligible to participate. A slightly greater proportion of controls (30%) than cases (27%) attended college or postgraduate school, although the difference was not statistically significant. Current smoking was more common among controls than among cases (19% vs. 11%). Occupational information was available before the 5-year latency period for 426 (94%) of the cases and 640 (90%) of the controls. Histological confirmation was available for 47% of cases. Table 2 shows no statistically significant association between acoustic neuroma and persistent occupational noise exposure for any level of exposure, either with or without hearing protection, as determined by the JEM. Further, there was no statistically significant association based on duration or level of exposure. The most frequent occupations with noise exposure of 85 dB or more are shown in Web Tables 1 and 2 available at http://aje.oxfordjournals.org/. Among controls, 15.9% of the men and 3.8% of the women were exposed to occupational noise levels of 85 dB or more. Associations between acoustic neuroma and self-reported exposure to occupational loud noise, either with or without hearing protection, were not statistically significant (Table 3) . Results did not differ between men and women for JEM-determined or selfreported occupational exposure (data not shown). When we used the JEM as the standard, self-reported occupational exposure to loud noise was correctly ascertained as present (i.e., sensitivity) in 64% of participants and was slightly greater for cases than for controls (68% vs. 61%). Self-reported occupational exposure to loud noise was correctly ascertained as absent (i.e., specificity) in 86% of participants and was similar for cases and controls. Further, 86% of those reporting occupational exposure to loud noise were classified as exposed (i.e., positive predictive value) using the JEM, with similar results for cases and controls.
There was a statistically significant association between having ever participated in any leisure activity without hearing protection and acoustic neuroma (odds ratio (OR) = 1.47, 95% confidence interval (CI): 1.06, 2.03) ( Table 4) . Odds ratios increased with increasing cumulative number of lifetime leisure exposures; in the upper tertile, the odds ratio was 1.82 (95% CI: 1.19, 2.76). There were at least marginally statistically significant associations between acoustic neuroma and engaging in the following leisure-time activities without hearing protection: use of equipment (e.g., drills); attending concerts, clubs, and sporting events; playing musical instruments; and workouts with loud music. An association was found for motor racing or motorcycling with hearing protection (no statistically significant association was found for exposure without protection). Odds ratios were higher for women than for men who participated in any loud-noise leisure activity compared with those who did not (for women, OR = 1.74, 95% CI: 1.07, 2.81; for men, OR = 1.23, 95% CI: 0.78, 1.93) ( Table 5 ). In addition, odds ratios reflecting 170-869 and 870 or more cumulative lifetime exposures without protection were statistically significant for women, but not for Loud Noise Exposure and Acoustic Neuroma 3 men. Table 6 shows that the odds ratio for those reporting any leisure-time exposure, compared with those reporting neither occupational nor leisure-time exposure to loud noise, was statistically significant (OR = 1.53, 95% CI: 1.09, 2.13).
The association between workouts without protection and acoustic neuroma was statistically significant for women (OR = 2.51, 95% CI: 1.11, 5.69) but not for men (OR = 4.37, 95% CI: 0.70, 27.1), although stratification by sex resulted in small numbers of participants within specific activities ( Table 5 ). Restricting analyses to histologically confirmed Abbreviations: CI, confidence interval; OR, odds ratio. a Odds ratios from conditional logistic regression models, adjusted for education and smoking. b Self-reported use of hearing protection was as follows: "with protection" indicates use 50% or more of the time in all noisy jobs; "without protection" indicates use less than 50% of the time in at least 1 relevant job. c Reference category includes study participants who reported having worked before the latency period but who were not exposed to occupational noise of 75 dB or more. Abbreviations: CI, confidence interval; OR, odds ratio. a Odds ratios from conditional logistic regression models, adjusted for education and smoking. b Self-reported use of hearing protection was as follows: "with protection" indicates use 50% or more of the time in all noisy jobs; "without protection" indicates use less than 50% of the time in at least 1 relevant job. c Reference category includes people who reported working before the latency period but who did not report exposure to elevated occupational noise levels. Abbreviations: CI, confidence interval; OR, odds ratio. a Odds ratios from conditional logistic regression models, adjusted for education and smoking. b Self-reported use of hearing protection was as follows: "with protection" indicates use 50% or more of the time in all activities; "without protection" indicates use less than 50% of the time in all activities; and "mixed use" indicates use 50% or more of the time for at least 1 but not all activities.
c Cumulative number of exposures was estimated on the basis of participants' reports of frequency of specific leisure-time activities in the categories "rarely," "a few times per year," "1-3 times per month," and "at least once a week." A cumulative number of exposures to leisure noise without hearing protection was calculated by using 5, 25, and 100 times per year for reporting in the categories "a few times per year," "1-3 times per month," and "at least once per week," respectively, and subtracting 100%, 75%, 50%, and 25% of the exposure for self-reporting in hearing protection categories "always or almost always," "more than half of the time," "about half the time," and "less than half the time," respectively. The sum of these exposures was categorized as less than 170 times, 170-869 times, and 870 or more times, with the cut points chosen approximately at the tertiles of the distribution among controls. d The size of the reference group differs among regressions as a consequence of the matched analyses (data not shown).
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DISCUSSION
To our knowledge, this is the sixth study of noise and acoustic neuroma, and the only study to use both self-reports and a JEM to ascertain occupational exposure to loud noise. We found no association between acoustic neuroma and persistent occupational exposure to loud noise, either with or without hearing protection. However, we found associations between acoustic neuroma and exposure to loud noise from leisure activity and, specifically, having more than 870 cumulative lifetime leisure exposures without hearing protection. Abbreviations: CI, confidence interval; OR, odds ratio. a Odds ratios from conditional logistic regression models, adjusted for education and smoking. b The size of the reference group differs among regressions as a consequence of the matched analyses (data not shown). c Self-reported use of hearing protection was as follows: "with protection" indicates use 50% or more of the time in all activities; "without protection" indicates use less than 50% of the time in all activities; and "mixed use" indicates use 50% or more of the time for at least 1 but not all activities.
Separate analyses of women and men performed as a part of standard protocol and without an a priori hypothesis showed a statistically significant association between loud leisure activities without hearing protection and acoustic neuroma among women, but not among men.
Biological plausibility
Several findings highlight the biological plausibility of an association between exposure to loud noise and acoustic neuroma. Loud noise may damage the organ of Corti and the eighth cranial nerve (17) and may destroy sensory cells of the ear (18); during repair, DNA errors may be replicated during cell division, leading to disordered proliferation of cells. In chicken and quail, damage to cochlear hair cells from acoustic trauma stimulates mitotic replication of cells that should no longer be mitotic (18, 19) . Experimental studies in rodents have demonstrated mechanical damage to the organ of Corti and surrounding tissue, including the eighth cranial nerve, as a result of intense impulse noise (17, 20) . Oxidative DNA damage in the cochlea following intense noise exposure was observed in 1 experimental study of rodents (21) . Further, loud noise can result in a mixing of cochlear fluids via alteration of the tight cell junction of the reticular lamina (22) . In response to this mixing of fluids, which contain electrolytes important for neurotransmission to nerve fibers of the eighth cranial nerve, Schwann cells protecting and aiding in regeneration may be altered (12) . Last, it is possible that nerve growth factors acting in response to acoustic assault, such as loud noise, may be involved in tumorogenesis (17, 23) .
Comparison of present and previous results concerning occupational noise exposure
Four studies, ranging in case sample size from 86 to 146, have implicated loud noise as a risk factor for acoustic neuroma (4, 11, 12, 14) ; however, the largest study to date, with 793 cases, failed to find an association (13) . Our null findings pertaining to occupational noise exposure are inconsistent with results from 4 (4, 11, 12, 14) of the 5 previous studies (4, (11) (12) (13) (14) . Three of the 4 studies reporting positive findings used self-reported assessments of exposure to loud noise (4, 11, 12) . Edwards et al. (11) found a marginally statistically significant association between acoustic neuroma and occupational exposure to loud noise (OR = 1.43, 95% CI: 0.96, 2.13) and statistically significant associations with loud noise from machines, power tools, and/or construction (OR = 1.79, 95% CI: 1.11, 2.89) and with employment in the music industry (OR = 2.25, 95% CI: 1.20, 4.23). Schlehofer et al. (4) reported a statistically significant association between acoustic neuroma and persistent occupational exposure (OR = 2.31, 95% CI: 1.15, 4.66). Hours et al. (12) reported a statistically significant association for occupational noise (OR = 2.26, 95% CI: 1.08, 4.72), and odds ratios increased with both duration of 6 or more years of work exposure (OR = 3.72, 95% CI: 1.45, 9.59) and 20-29 years since first exposure at work (OR = 3.02, 95% CI: 1.11, 8.21) .
Previous results suggesting associations between acoustic neuroma and occupational exposure to loud noise were based on self-reported occupational exposure to loud noise and may, therefore, have resulted from recall bias. The only previous study to also use a JEM to ascertain exposure to loud noise (13) found no association between occupational noise exposure and acoustic neuroma. However, we also ascertained self-reported occupational exposure to loud noise and found no statistically significant association with acoustic neuroma, which conflicts with results of previous studies. Using exposure status determined by blinded review of job histories and linkage to the National Occupational Hazards Survey database, and, therefore, not based on self-report, Preston-Martin et al. (14) reported that, during the period 10 or more years prior to diagnosis, more cases than controls had jobs involving exposure to extremely loud noise (OR = 2.2, 95% CI: 1.12, 4.67). Further, also contrary to our results, these authors conducted a dose-response analysis that showed an increased association between number of years of job exposure to extremely loud noise and acoustic neuroma. However, their study included a relatively small number of participants (86 cases and 86 controls), and the study was not population-based. It is important to note that, in our study, matched sets of cases and controls were analyzed only if both the case and control(s) had worked prior to the 5-year latency period. We used this inclusion criterion to adjust for potential confounding by factors related to employment.
Comparison of present and previous results concerning leisure noise exposure
We found a statistically significant association between self-reported exposure to loud noise from leisure activity without hearing protection and acoustic neuroma. These results are consistent with results from 1 (12) of 3 previous studies (4, 11, 12) . Schlehofer et al. (4) found an odds ratio near unity for an association between reporting ever having been exposed to loud noise during leisure time and acoustic neuroma (OR = 0.96, 95% CI: 0.35, 2.63). Nonsignificant results were also found by Edwards et al. (11) for nonoccupational exposure to loud noise (OR = 1.38, 95% CI: 0.80, 2.36). Although the magnitudes of associations were weaker in our study, our results were similar to those of Hours et al. (12) , who found that acoustic neuroma was associated with exposure to loud noise in leisure settings (for more than 6 years of leisure exposure, OR = 3.15, 95% CI: 1.07, 9.24), particularly with listening to loud music (OR = 3.88, 95% CI: 1.48, 10.17). Possible modification by sex was not addressed in earlier studies.
Potential nondifferential and differential misclassifications of exposure
We ascertained occupational exposure to loud noise using both self-reports and a JEM. This dual ascertainment allowed not only comparison of the results produced from both methods, but also an assessment of the validity of self-reports of occupational exposure to loud noise. In general, assuming that results using the JEM are valid, we found a relatively high capacity of self-reports to correctly classify participants who were not exposed to occupational loud noise and a moderate capacity to correctly classify participants who were exposed. The validity of self-reported occupational exposure to loud noise reported here is similar to that observed by Schlaefer et al. (24) . Misclassification of occupational exposure to loud noise probably occurred in the present study, but may have been nondifferential. JEMs are often suspected of producing greater nondifferential misclassification than are assessments using self-reports (25) . When individuals who perform different tasks in different work environments are grouped under the same occupational title and are classified as exposed or unexposed depending on whether the probability of exposure exceeds a given threshold, nondifferential misclassification will inevitably occur (25, 26) . Such misclassification may underestimate the odds ratio, should an association exist.
Diagnostic delay, the healthy worker survivor effect, confounding, and recall bias Diagnostic delay, the time between the first apparent symptom and diagnosis, may also have introduced bias into our results. Because the majority of acoustic neuromas grow slowly (averaging 5 years, ranging from 2-30 years (27)), it is likely that many cases had tumors several years before clinical diagnosis (27) (28) (29) . In addition, study participants working in high-noise occupations may have developed hearing loss or tinnitus and consequently may have left their occupations or transferred to occupations with lower noise exposure. This source of bias is referred to as the healthy worker survivor effect (30) . The slow growth of acoustic neuroma may have resulted in exposure assessment when the tumor was already present. However, the 5-year latency period was used to address this issue. Furthermore, this method of estimating exposure also reduces the healthy worker survivor effect.
Participation was lower among controls (65%) than among cases (83%), which may have introduced selection bias, because participation may be indirectly related to exposure to loud noise through socioeconomic status (31) . This would, however, bias odds ratios for occupational exposure to loud noise upward and cannot explain the absence of statistically significant associations in our study. Although factors associated with acoustic neuroma (e.g., socioeconomic status (32, 33) and tobacco smoking (15, 34) ) were controlled in analyses, it is possible that confounding by unknown factors occurred.
Comparison between results for occupational and leisure-time noise
It was important to examine occupational and leisure-time exposures to loud noise separately because of the potential for differences in exposure characteristics between occupational and leisure noise. People may willingly expose unprotected ears to leisure noise levels that would be unacceptable in relation to work environment regulations, for example, when attending concerts or night clubs or playing electric musical instruments. On the other hand, occupational noise exposure may include a whole working life of daily exposure. However, hearing loss among controls was relatively equally associated with both leisure noise and JEM-derived occupational noise (data not shown), which may indicate a similar level of acoustic trauma.
Vulnerability to recall bias may differ. For occupational loud noise, it is unlikely that participants forget exposures because most people go to workplaces on most days. Further, controls may be more inclined than cases to forget occasions when they engaged in loud-noise leisure activities. Unmeasured or residual confounding probably differs between occupational and leisure noise. Nonsmoking and high education were associated with leisure exposure, whereas the opposite was true for occupational exposure (data not shown). Furthermore, expectations of hearing loss after long employment in noisy work environments may lead to ignoring an early unilateral hearing loss, typical of acoustic neuroma.
The association seen between acoustic neuroma and leisure noise was much stronger for women than for men. If this reflects a true difference in sensitivity, the power to detect an association with occupational noise will be smaller than for leisure noise because of the small number of women exposed to high occupational noise levels.
Strengths
We analyzed a large, population-based, nationwide casecontrol study in which diagnoses were confirmed by histology or diagnostic imaging. Case ascertainment methods were thorough and, by combining data from both the national Swedish Cancer Registry and clinic-based registries, we were able to capture a greater proportion of cases than were most previous population-based studies. The potential for selection bias was minimized through the random selection of controls from the population, and the potential for recall bias was reduced for occupational exposure to loud noise through the use of a JEM (with comparison to self-reported exposure).
Conclusions
Our findings do not support an association between occupational exposure to loud noise and acoustic neuroma. Although our results provide some evidence for associations between leisure-time exposures to loud noise without hearing protection and acoustic neuroma, especially among women, we cannot rule out alternative explanations, including recall bias, for these findings.
